The concept of hybrid in space-time Cellular Automata is introduced, for the first time, in this paper, and it is suggested that non-linear hybrid in space-time Cellular Automata can be used as pseudorandom pattern generators for VLSI systems, because they can produce patterns with various densities of "1", distributed at will in space and time. The cycle lengths of non-linear hybrid Cellular Automata can be estimated using Lyapunov exponents.
INTRODUCTION
Pseudorandom pattern generators are mainly used for the generation of input test vectors for a VLSI system under test. They are also used in parallel processing by fine grained VLSI arrays [1] . Pseudorandom Number Generators (PRNG's) based on Linear Cellular Automata have been found to generate more random patterns than those generated by Linear Feedback Shift Registers (LFSR's). Cellular Automata compare very favourably with the auto correlation and cross correlation of LFSR generators. Extensive com- parisons between Cellular Automata and LFSR's can be found in [1, 2] . Cellular Automata do not have long feedback loops, and they operate at higher speeds. Their regular structure and the local *Corresponding author.
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interconnections result in efficient layouts and less silicon overhead [3] . Linear Cellular Automata as exhaustive and pseudoexhaustive pattern generators and signature analysers for Built-In Self-Test, have been investigated by several authors [4] [5] [6] [7] . It has been shown that only by the rules 90 [8] . This is due to the fact that the evolution of non-linear Cellular Automata cannot be described using finite mathematical formulas, but using computer simulations and statistical methods. To the best of our knowledge non-linear hybrid Cellular Automata have never been investigated. 1) The number of spatial dimensions (n).
2) The width of each side of the array (w). wj is the width of the j-th side of the array, where j= 1,2,3,...,n.
3) The width of the neighbourhood of the cell (d).
d. is the width of the neighbourhood at the j-th side of the array.
4) The number k of the elements of the commutative ring Rk. [16] . The pattern is characterised by a fractal dimension 1,585. In the rest of this work only the elementary onedimensional Cellular Automata will be studied, and the term "Cellular Automaton" will be used instead of the term "Elementary one-dimensional Cellular Automaton".
For one-dimensional Cellular Automata the rule is given by the following relation:
If the function F is, or can be reduced to, a linear form, then the Cellular Automaton law is linear. A Cellular Automaton evolving according to a linear law is a Linear Cellular Automaton. (3) where @ represents the addition over Z2 (logical XOR operation). All these rules, other than those in (3), are non-linear. Linear Cellular Automata have been extensively studied [17] [18] [19] is shown in Figure 9 . Two rules are applied to the Cellular Automaton cells: rule 18 and rule 182. Figure 10 shows Figure 11 . The same two rules are applied as before, on the Cellular Automaton cells.
When the signal cng in Figure 11 is activated, the output of the cell with the rule 182 is transferred to the Cellular Automaton output j, whereas, if the signal cng is inactive the output of the cell with the rule 18 is transferred to the Cellular Automaton outputj. Figure 12 shows Figure 13 shows the density P(1) for the hybrid in space Cellular Automaton of Figure 10 . The average value of P (1) is 41%. It is reminded that P(1) for the rules 18 and 182 is 23% and 75%, 100.00 00.00 500.00
Time FIGURE 13 The density P(1) for the Cellular Automaton of Figure 10 .
respectively. Figure 14 shows the density P(1) for the hybrid in space-time Cellular Automaton of Figure 12 . It is evident that the average value of P (1) It has been shown that the Lyapunov exponents can be defined for Cellular Automata, using the Boolean derivative [23, 24] . In [23] T rn e FIGURE 14 The density P(1) for the Cellular Automaton of Figure 12. where N(0)= 1 and Figure 16b shows the same Figure 18 shows the evolution of the .hybrid in space-time Cellular 
